by the APHIS rule included muskellunge, northern pike, Esox lucius, yellow perch, Perca flavescens, walleye, Sander vitreum, round goby, Neogobius melanostomus, and others known to be susceptible to VHSv (Bowser, 2009) . The interim rule sought to reduce transmission of VHSv via fish shipments from Great Lakes States to elsewhere in the United States.
Since the 1970s, iodophor disinfection of salmonid eggs has been a standard hatchery practice used to reduce the risk of pathogen transfer through ovarian or seminal fluids during gamete collection ("spawning") operations. This long history of effective use has made iodophor disinfection a leading candidate for reducing VHSv transmission during and after gamete collection from nonsalmonid fishes. However, before iodophor egg disinfection is incorporated as a standard practice in gamete collection from nonsalmonid fishes, the safety and effectiveness needs to be evaluated. The primary objective of this study was to assess the efficacy of iodophor disinfection for eliminating VHSv (strain IVb) from fertilized eggs of walleye and northern pike intentionally challenged with VHSv following egg fertilization. A secondary objective was an assessment of the survival (hatch) of walleye and northern pike eggs following iodophor egg disinfection. Adult walleye and northern pike were collected from the Mississippi River near Genoa, Wis. and spawned according to methods described by Piper and others (1982) at the Upper Midwest Environmental Sciences Center (UMESC) by personnel from the U.S. Fish and Wildlife Service (USFWS) Genoa National Fish Hatchery ( fig. 3) . A 0.6-percent sodium chloride solution was used to activate northern pike sperm, whereas UMESC well water was used to activate walleye sperm. Immediately after sperm activation, fertilized eggs were taken to a laboratory that has controlled access and effluent disinfection. Laboratory effluent was disinfected first by ultraviolet disinfection, then chlorination, then again by ultraviolet disinfection. Eggs were challenged, disinfected, and incubated in the same laboratory. Eggs were challenged at either 10 5 or 10 8 plaqueforming units (PFU) per milliliter (mL). Virus used for this study was initially isolated by the USFWS La Crosse Fish Health Center from emerald shiners, Notropis atherinoides, collected from Lake Erie in 2006. Sequence data provided by the USGS Western Fisheries Research Center in Seattle, Wash. confirmed that the isolate is identical to the Great Lakes strain of VHSv (strain IVb) isolated by Elsayed and others (2006) and Gagne and others (2007) . Eggs challenged with VHSv at 10 5 PFU/mL were progeny of different brood fish pairings than those challenged at 10 8 PFU/mL. Walleye egg adhesion was reduced by immersing the eggs in a bentonite solution for approximately (~) 2 minutes (min) during VHSv challenge. Bentonite was rinsed from the eggs with well water, and then a bentonite-free VHSv challenge solution was added at the appropriate titer. Immediately after challenge, eggs were assigned to one of the four disinfection treatment groups listed in table 1. Eggs were held in well water for at least 90 min postfertilization, including both the challenge and disinfection periods, before they were distributed to miniature egg jars (~25 mL/jar; Rach and others, 1995) . The eggs of each species were divided among 48 jars: 12 jars from each of the four disinfection treatment groups, of which 6 jars were from each of the two titer levels. Eggs were maintained in egg jars at about 12 degrees Celsius (°C) until hatch, and no other chemical treatments were applied. Fungus was controlled by increasing water flow to "roll" eggs and by manually removing affected eggs.
Egg and fry samples were collected and the presence or absence of VHSv was determined by culture on epithelioma papulosum cyprini cells incubated at 15°C in minimum essential medium with fetal bovine serum added (10 percent final concentration). Triplicate egg samples were collected from each treatment level immediately after VHSv challenge and again before transfer to egg jars. A single egg sample was then collected daily from each egg jar for the first 5 incubation days and then every other day until hatch. Fry were collected once from each egg jar after all viable eggs had hatched. Assays used for determining the presence of VHSv were conducted according to the USFWS and American Fisheries Society-Fish Health Section "Standard Procedures for Aquatic Animal Health Inspections" (2007). Virus titer was determined by use of a modified plaque-assay method described by Batts and others (1991) . The probability of hatch versus iodophor treatment assignment was modeled by use of a generalized linear mixed model (Wolfinger and O'Connell, 1993) . The effect of iodophor disinfection was modeled as a discrete classification variable, and comparisons were made separately for each species and titer level; treatment levels were judged statistically different if the statistical probability (P) was less than or equal to 0.05. Table 1 . Iodophor disinfection treatment groups. Disinfection was initiated at 30 minutes after fertilization (immediately after viral challenge), except that disinfection of treatment group 4 was initiated at 90 minutes after fertilization. 
Results

Virus Isolation
VHSv was not isolated from any iodophor-disinfected treatment group (treatment groups 2-4). However, VHSv was isolated from control eggs (treatment group 1; table 2; fig. 4 ) immediately after challenge and for up to 4 days after challenge in northern pike eggs challenged at 10 8 PFU/mL. Virus was not detected in control eggs 1 day postchallenge for either northern pike or walleye eggs challenged at 10 5 PFU/mL. Virus was not detected in fry of either control (table 2) or iodophor-disinfected treatment groups. Table 3 . Percentage hatch of northern pike and walleye eggs challenged with viral hemorrhagic septicemia virus and then disinfected by iodophor disinfection or not disinfected (control).
[Means with the same letter within a column are not significantly different (probability is greater than 0.05). PFU/mL, plaque-forming units 
Percentage of Hatch
Although some iodophor treatments reduced hatch, eggs and fry appeared to develop normally ( fig. 5 ). Iodophor disinfection for 30 or 60 min (treatment groups 2 and 3) did reduce hatch of walleye and northern pike eggs relative to controls (treatment group 1) and those eggs disinfected for 10 min at 90-min postfertilization (treatment group 4) in certain cases (table 3) . Egg source appeared to explain a substantial amount of the variation in egg hatch; eggs challenged at 10 5 PFU/mL were from different brood fish pairings than those challenged at 10 8 PFU/mL. In both northern pike and walleye, eggs from one set of brood fish appeared to be more sensitive to longer disinfection periods than eggs from the other set of brood fish; for example, northern pike eggs challenged at 10 5 PFU/mL and disinfected for 30 or 60 min had significantly lower hatch than the eggs in the 10 8 PFU/mL group.
Conclusions
Egg iodophor disinfection appears to effectively eliminate VHSv (strain IVb) from the surfaces of walleye and northern pike eggs. Although certain iodophor disinfection regimens reduced egg hatch in this study, similar iodophor disinfection regimens applied shortly after fertilization (~5 min) to walleye eggs in previous studies did not alter egg hatch (M.P. Gaikowski, USGS, oral communication 2009). Incorporation of iodophor disinfection at 100 parts per million during gamete collection from nonsalmonid fishes immediately (less than 5 min) postfertilization for 30 min or at 90 min after fertilization for 10 min may reduce VHSv (strain IVb) transmission without affecting egg hatch.
